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Compared with notifiable disease surveillance, claims-
based algorithms estimate higher Lyme disease inci-
dence, but their accuracy is unknown. We applied a
previously developed Lyme disease algorithm (diagno-
sis code plus antimicrobial drug prescription dispensing
within 30 days) to an administrative claims database
in Massachusetts, USA, to identify a Lyme disease co-
hort during July 2000-June 2019. Clinicians reviewed
and adjudicated medical charts from a cohort subset
by using national surveillance case definitions. We cal-
culated positive predictive values (PPVs). We identified
12,229 Lyme disease episodes in the claims database
and reviewed and adjudicated 128 medical charts. The
algorithm’s PPV for confirmed, probable, or suspected
cases was 93.8% (95% CI 88.1%—-97.3%); the PPV was
66.4% (95% CIl 57.5%—74.5%) for confirmed and prob-
able cases only. In a high incidence setting, a claims-
based algorithm identified cases with a high PPV, sug-
gesting it can be used to assess Lyme disease burden
and supplement traditional surveillance data.

yme disease is the most commonly reported vec-

torborne disease in the United States (1) and is an
economic burden for patients and society (2-4). As a
notifiable disease, standard Lyme disease case defi-
nitions and reporting criteria have identified 30,000
cases annually via traditional surveillance (5). Sev-
eral jurisdictions have used alternative methods
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to approximate Lyme disease incidence, including
sampling (6), estimation techniques (7), and supple-
menting laboratory-based surveillance data with in-
formation from electronic health records (8).

To complement traditional surveillance, the Cen-
ters for Disease Control and Prevention (CDC) used
a commercial health care administrative claims data-
base to estimate Lyme disease incidence in the United
States. In 2015, claims-based algorithms were devel-
oped for inpatient and outpatient settings; the outpa-
tient algorithm combined diagnosis codes from the
International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM), for Lyme disease
with dispensing of an antimicrobial drug within 30
days (9). That study estimated that 329,000 annual
cases of Lyme disease occurred during 2005-2010 af-
ter applying several correction factors to account for
database limitations. The analysis was repeated for
cases during 2010-2018 after the addition of diagnosis
codes from the International Classification of Diseas-
es, 10th Revision, Clinical Modification (ICD-10-CM),
for Lyme disease, estimating that ~476,000 Lyme dis-
ease cases occurred annually during this period (10).
However, the accuracy of the algorithms is unknown
(11). We validated this outpatient algorithm by as-
sessing algorithm performance across age groups,
healthcare facility type, and periods in a single Lyme
disease-endemic state.

Methods

Study Population

We used Harvard Pilgrim Health Care (HPHC) ad-
ministrative claims data to identify the initial Lyme
disease cohort in Massachusetts, USA. HPHC is a not-
for-profit health insurance company serving >3 mil-
lion members primarily in the New England region of
the United States. HPHC members are approximately
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half female and half male, and *20% of members are
>65 years of age. We included HPHC members who
were enrolled in medical and pharmacy benefits for
>6 months from July 1, 2000, through June 30, 2019,
and who were residents of Massachusetts at the time
of enrollment.

To validate cases identified in the administrative
claims database, we reviewed medical charts for a
subset of patients with Lyme disease episodes who
received care from any facility that was part of the
Mass General Brigham (MGB) healthcare system. We
limited chart review to a single healthcare system to
simplify accessing medical charts. MGB, the largest
provider system in Massachusetts, comprises 16 insti-
tutions across the care continuum and has 6,500 phy-
sicians. The system includes academic medical cen-
ters, specialty and community hospitals, and urgent
and community-based care via community health
centers that are geographically dispersed across east-
ern Massachusetts. In 2020, the MGB healthcare sys-
tem was responsible for ~20% of inpatient discharges
and ~27% of outpatient revenue in Massachusetts
(12). We expected the MGB healthcare system to be
representative of care delivered across the state.

Algorithm Criteria and Descriptive Analyses

Lyme disease was defined by >1 diagnosis code (ICD-
9-CM code 088.81; ICD-10-CM codes A69.20, A69.21,
A69.22, A69.23, and A69.29) and >1 outpatient dis-
pensing of an antimicrobial drug used to treat Lyme
disease according to Infectious Diseases Society of
America guidelines (13). We defined antimicrobial
drugs by using the US Food and Drug Administra-
tion National Drug Codes for doxycycline, amoxi-
cillin, cefuroxime axetil, azithromycin, penicillin G,
ceftriaxone, and cefotaxime; we included oral and
nonoral formulations. We required a minimum 7-day
supply of antimicrobial drug dispensed within 30
days of the Lyme disease diagnosis and included oral
and nonoral formulations. We evaluated the use of
doxycycline, amoxicillin, cefuroxime axetil, azithro-
mycin, penicillin G, ceftriaxone, and cefotaxime to
treat Lyme disease.

To identify Lyme disease episodes, we required
that HPHC members did not have a Lyme disease
diagnosis code documented within 180 days before
meeting the Lyme disease definition (i.e., if someone
had a Lyme disease diagnosis code but no antimi-
crobial drug dispensed and then had another Lyme
disease diagnosis code <180 days later with a qualify-
ing antimicrobial drug dispensed, we did not include
the second episode). For members who had multiple
Lyme disease episodes, we used recurrence intervals
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to exclude episodes in which the diagnosis code and
antimicrobial drug were likely used for treating Lyme
disease-related sequelae from the first infection; we
used intervals according to those used by others for
ICD-9-CM (9) and ICD-10-CM (10) codes. During the
ICD-9-CM era (before October 1, 2015), the recurrence
interval was 365 days. During the ICD-10 era (begin-
ning October 1, 2015), if a member met the algorithm
definition with code A69.2 (Lyme disease) or A69.20
(Lyme disease, unspecified) on or after October 1,
2015, the recurrence interval was 180 days, as long as
the second Lyme disease case date was in the next cal-
endar year. If the second Lyme disease case date was
in the same calendar year, then the second episode
was not included. If a member met the algorithm def-
inition with code A69.21 (meningitis), A69.22 (other
neurologic disorders), A69.23 (arthritis), or A69.29
(other conditions) on or after October 1, 2015, the re-
currence interval was 365 days.

We summarized characteristics of HPHC mem-
bers with algorithm-defined Lyme disease during
the full study period by using descriptive statistics.
We examined the frequencies and percentages of pa-
tient demographic and clinical characteristics associ-
ated with Lyme disease episodes that were available
in the administrative claims data. Acute signs and
symptoms were rash, fever, chills, fatigue, headache,
joint and muscle pain, radiculopathy, and pares-
thesia, and those were identified by ICD-9-CM and
ICD-10-CM diagnosis codes reported within 14 days
before or after meeting the Lyme disease algorithm
definition (Appendix Table, https://wwwnc.cdc.
gov/EID/article/29/9/22-1931-Appl.pdf). Muscu-
loskeletal, nervous system, cardiovascular, and ocu-
lar manifestations of Lyme disease were examined
up to 1 year after Lyme disease diagnosis and were
also identified by diagnosis codes (Appendix Table).
Among those patients with obtainable MGB medi-
cal records that were reviewed and adjudicated, we
evaluated demographic and clinical characteristics
and summarized acute symptoms and disseminated
manifestations by using the same criteria described
previously. We also assessed laboratory data cap-
tured in the medical records to determine how many
cases were laboratory-confirmed.

Algorithm Validation via Medical Chart Reviews

We had an a priori goal of reviewing 125 medical
charts for algorithm validation; we prioritized cases
from the ICD-10-CM era and then included ICD-9-CM
era episodes to obtain >125 charts. We identified 193
medical charts for persons with HPHC insurance who
had evidence of Lyme disease-related care at a facility
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within the MGB system and who met the algorithm
criteria during January 2015-June 2019; we sought
medical records for a convenience sample of 171 cases.
Under the supervision of an infectious disease clin-
ical faculty member (C.R.), 3 MGB medical residents
(C.T.N., N.P.,, M.S.) conducted all chart abstraction
and adjudication activities. Prior to conducting those
activities, they received training from a Lyme disease
clinical expert (J.A.). To assess interrater reliability, all
3 clinicians initially abstracted and adjudicated the
same 20 medical charts. We calculated a single k-like
statistic that summarized interrater reliability across
all clinicians by computing the mean of the weighted
K for each clinician pair (14). We divided the remaining
charts among the 3 clinicians for single adjudications.
We conducted medical chart reviews assum-
ing that the clinician-determined adjudication was
the standard for definitively assigning Lyme disease
status according to surveillance case definitions. We
developed standardized abstraction and adjudication

Table 1. Case classification, definitions, and instructions used by
clinician adjudicators for chart review in study of validation of
claims-based algorithm for Lyme disease, Massachusetts, USA*
Classification Definitionst

Confirmed Erythema migrans with known exposure in a high-
incidence state (e.g., Massachusetts), erythema
migrans with known exposure in a low-incidence
state and laboratory-confirmed Lyme disease, or
>1 late manifestation of Lyme disease and
laboratory-confirmed Lyme disease

Diagnosis of Lyme disease in clinical notes and
laboratory-confirmed Lyme disease but no
evidence of erythema migrans and no eligible late
manifestations of disease

Diagnosis of Lyme disease in clinical notes and
antimicrobial drugs ordered by healthcare
provider to treat Lyme disease but no laboratory
confirmation, no evidence of erythema migrans,
and no eligible late manifestations of Lyme
disease; or erythema migrans with no known
exposure, no laboratory confirmation, and no
eligible late manifestations of Lyme disease
*Definitions were based on the 2017 Council of State and Territorial
Epidemiologists case definitions (75).

tLaboratory-confirmed Lyme disease was indicated by positive Lyme
cultures, PCR, or 2-tiered tests. For a positive 2-tiered test, if the patient
experienced signs or symptoms for <30 d before a positive or equivocal
enzyme immunoassay or immunofluorescence assay, they must have a
positive IgG or IgM Western blot result; if the patient has experienced
signs or symptoms for >30 d before a positive or equivocal enzyme
immunoassay or immunofluorescence assay, they must have a positive
IgG Western blot result (a positive IgM Western blot result does not
confirm Lyme disease in this scenario). Late manifestations of Lyme
disease include musculoskeletal involvement defined as inflammatory
arthritis or recurrent and brief attacks of swelling in >1 joint that lasts for
several weeks or months; nervous system involvement defined as
lymphocytic meningitis, cranial neuritis, radiculoneuropathy, or
encephalomyelitis (headache, fatigue, paresthesia, or mildly stiff neck
alone did not meet criteria for neurologic involvement); or cardiovascular
involvement defined as acute onset of high-grade atrioventricular
conduction defects that resolve in days to weeks, such as complete heart
block, third degree heart block, or high-grade atrioventricular block
(palpitations, bradycardia, bundle branch block, or myocarditis alone did
not meet criteria for cardiovascular involvement).

Probable

Suspected
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forms for chart reviews that had definitions consis-
tent with the 2017 Council of State and Territorial
Epidemiologists” Lyme disease case definitions for
confirmed, probable, and suspected cases (15) (Ap-
pendix). Abstracted data from each medical record
were evidence of erythema migrans or rash; tick bite
or exposure to ticks; signs and symptoms of Lyme
disease; cardiovascular, musculoskeletal, or nervous
system manifestations of Lyme disease; antimicrobial
drugs or other medications used to treat Lyme dis-
ease; laboratory tests and results; physician diagno-
sis of Lyme disease; evidence of persistent signs and
symptoms of Lyme disease; and healthcare facility
type. Claims-based Lyme disease cases were adjudi-
cated, and we classified each case as confirmed, prob-
able, suspected, or not a Lyme disease case (Table 1).

We calculated positive predictive values (PPV)
for claims-based Lyme disease cases adjudicated as
confirmed, probable, or suspected and PPV values
for confirmed or probable cases only. We calculated
PPVs according to age group, healthcare facility type,
period, and patients with Lyme disease-related labo-
ratory tests to determine how performance varied
across those subgroups. We used the Clopper-Pear-
son method to calculate 95% Cls for all PPVs (16). The
study was approved by the Harvard Pilgrim Health
Care Institutional Review Board.

Results

Claims Data

From July 1, 2000, through June 30, 2019, by using
the Lyme disease claims-based algorithm, we iden-
tified 12,229 Lyme disease episodes among 11,823
HPHC members who lived in Massachusetts; a to-
tal of 11,452 members had 1 Lyme disease episode,
339 had 2 episodes, and 32 had 3 or 4 qualifying
episodes. Most (77.7%) episodes were identified
during the ICD-9-CM era; the only applicable code
was 088.81, Lyme disease. During the ICD-10-CM
era, the most common cohort-defining diagnosis
code was A69.20, Lyme disease unspecified (93.0%);
4.9% were identified as A69.23, arthritis due to Lyme
disease; 1.4% as A69.29, other conditions associated
with Lyme disease; and <1% as A69.22, other neuro-
logic disorders in Lyme disease, or A69.21, meningi-
tis due to Lyme disease.

We analyzed demographic and clinical character-
istics of patients with Lyme disease episodes accord-
ing to claims data for the overall cohort (n = 12,229)
and the subset included in the chart review (n = 128)
(Table 2). Most Lyme disease episodes occurred
among adults >18 years of age, including 71.4% in

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 29, No. 9, September 2023



Claims-Based Algorithm for Lyme Disease, USA

Table 2. Demographic and clinical characteristics of Harvard Pilgrim Health Care members who met criteria for a validation study of a
claims-based algorithm for Lyme disease during July 2000—June 2019 in Massachusetts, USA*

Characteristics

Total Lyme disease episodes

Lyme disease episodes included in chart review

Total no. cases 12,229 128
Age groups, y
Pediatric, <18 3,494 (28.6) 25 (19.5)
Adult, >18 8,735 (71.4) 103 (80.5)
<1 8(0.1) 0
1-4 775 (6.3) 8 (6.3)
5-14 2,271 (18.6) 16 (12.5)
15-24 1,208 (9.9) 7 (5.5)
25-39 1,500 (12.3) 16 (12.5)
40-64 5,609 (45.9) 62 (48.4)
>65 858 (7.0) 19 (14.8)
Median age, y (IQR) 42 (15-55) 48 (29-60)
Sex
M 6,675 (54.6) 63 (49.2)
F 5,554 (45.4) 65 (50.8)
Antimicrobial drug
Doxycycline 8,110 (66.3) 107 (83.6)
Amoxicillin 3,594 (29.4) 18 (14.1)
Cefuroxime axetil 341 (2.8) 2(1.6)
Azithromycin 177 (1.5) 1(0.8)
Penicillin G 7(0.1) 0
Acute signs and symptomst
No signs or symptoms 6,931 (56.7) 80 (62.5)
Joint pain 1,681 (13.7) 12 (9.4)
Rashi 1,644 (13.4) 20 (15.6)
Fatigue 1,518 (12.4) 10 (7.8)
Fever 1,091 (8.9) 6 (4.7)
Headache 999 (8.2) 7 (5.5)
Myalgia 654 (5.3) 10 (7.8)
Disseminated manifestations§
Nervous system 904 (7.4) 9(7.0)
Musculoskeletal 326 (2.7) 10 (7.8)
Ocular 257 (2.1) 3(2.3)
Cardiovascular 37 (0.3) 0

*Values are no. (%) except as indicated. All data are from the Harvard Pilgrim Health Care administrative claims database. The 128 Lyme disease
episodes included in the chart reviews were also included in the total Lyme disease episode data. IQR, interquartile range.

tRash, fever, chills, fatigue, headache, joint pain, neck pain or stiff neck, radiculopathy, myalgia, and paresthesia were derived from diagnosis codes from
the International Classification of Diseases, 9th Revision, Clinical Modification, and International Classification of Diseases, 10th Revision, Clinical

Modification, documented up to 14 d before or after the member met the claims-based definition of Lyme disease.

FUpon medical record review, 62 of 128 (48.4%) cases had evidence of erythema migrans.

§Nervous system, musculoskeletal, ocular, and cardiovascular manifestations were derived from diagnosis codes from the International Classification of
Diseases, 9th Revision, Clinical Modification, and International Classification of Diseases, 10th Revision, Clinical Modification, documented up to 365 d
after the member met the claims-based definition of Lyme disease. A patient can have both disseminated manifestations and acute signs and symptoms.

the overall cohort (median age 42 years, interquartile
range 15-55 years; 45.9% were 40-64 years of age) and
80.5% in the chart review (median age 48 years, in-
terquartile range 29-60 years; 48.4% were 40-64 years
of age). Male patients comprised 49.2% of reviewed
charts and 54.6% of all Lyme disease episodes.

Of the total Lyme disease episodes, 66.3% were
associated with dispensation of a >7-day supply of
doxycycline, 29.4% with amoxicillin, and 4.3% with
cefuroxime acetyl, azithromycin, or penicillin G.
Some cases (2%) were treated with >1 antimicrobial
drugs. No cases were treated with ceftriaxone or ce-
fotaxime. Within the subset included in the chart re-
view, the pattern was similar, although more patients
(83.6%) were treated with doxycycline.

For the overall Lyme disease cohort, during the
14 days before and after the Lyme disease case date,

56.7% of cases did not have any diagnosis codes re-
corded in claims data that were indicative of acute
signs or symptoms; 13.7% of cases had diagnosis
codes for joint pain, 13.4% for rash, and 12.4% for fa-
tigue. During the 365 days after the Lyme disease case
date, 7.4% of cases had a diagnosis code indicative of
a nervous system manifestation, such as Bell’s palsy,
meningitis, or radiculopathy. Musculoskeletal (2.7%),
ocular (2.1%), or cardiovascular (0.3%) manifesta-
tions occurred within 365 days of the Lyme disease
case date, according to diagnosis codes. Those find-
ings were generally similar among patients included
in chart reviews.

Algorithm Validation via Chart Review
Of the 128 (75%) obtainable medical records that
we reviewed and adjudicated, 80.5% were for cases
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that occurred during the ICD-10 era. The overall
interrater reliability for the 20 charts reviewed by
all 3 clinician adjudicators yielded a mean weight-
ed « of 0.94.

Overall, we adjudicated 120 of 128 reviewed
charts as confirmed, probable, or suspected cases.
The distribution of those 120 cases followed the ex-
pected seasonality of Lyme disease in Massachusetts;
the peak was observed in July. Of the 18.8% of cases
that were laboratory-confirmed (defined by posi-
tive Lyme disease culture, PCR, or standard 2-tiered
tests), all were adjudicated as confirmed or probable
cases. A clinical diagnosis of Lyme disease was indi-
cated in 55.5% of charts, defined as erythema migrans
or Lyme disease-associated carditis, neuroborrelio-
sis, meningitis, or arthritis in the healthcare pro-
vider’s clinical notes. Upon chart review, erythema
migrans was reported for 48% of patients (98.4% of
whom were adjudicated as confirmed cases), which
was substantially higher than the >15.6% of patients
with evidence of rash via claims data alone. Similar to
observations for claims data alone, reports of dissemi-
nated Lyme disease manifestations were uncommon
upon chart review. Musculoskeletal involvement
was found in 6.3%, nervous system involvement in
2.3%, cardiovascular involvement in <1%, and ocular
involvement in 0% of cases; 75% (n = 9) of patients
with a disseminated manifestation were adjudicated
as confirmed cases.

For reviewed charts, we calculated PPVs for the
algorithm overall and according to select character-
istics (Table 3). Most (74.2%) charts were from pa-
tients seen in a primary care setting. The overall PPV
of the algorithm for cases identified as confirmed,
probable, or suspected was 93.8% (95% CI 88.1%-

97.3%). When limited to confirmed or probable cases
only, the PPV was 66.4% (95% CI 57.5%-74.5%). The
PPV for confirmed, probable, or suspected cases
was 100% (n = 25) for pediatric patients, compared
with 92.2% (n =103) for adult patients. PPVs for con-
firmed, probable, and suspected cases were 92.0% for
those identified during the ICD-9 era and 92.4% for
those identified during the ICD-10 era. When includ-
ing only confirmed and probable cases, the PPV was
76.0% for the ICD-9 era and 64.1% for the ICD-10 era.

Among the 8 patients who did not have Lyme
disease upon adjudication, none had erythema mi-
grans, and 1 patient had a nonspecific rash. Only 1
patient had a documented tick bite. One patient’s
chart indicated Borrelia miyamotoi infection and
another noted a suspected B. miyamotoi infection.
Among 5 patients who had a Lyme disease test, 4
had negative results documented.

Discussion
We report high PPVs for a claims-based algorithm
previously used by the CDC to estimate the inci-
dence of Lyme disease in the United States, using
claims data and medical record information from
sources in Massachusetts. The PPV for cases adjudi-
cated as confirmed, probable, or suspected (accord-
ing to surveillance case definitions) was 93.8%; PPV
was 66.4% when limited to only confirmed or prob-
able. Our results provide support for previous stud-
ies (4,9,10,17,18) and future research aimed at using
claims-based algorithms to estimate the total burden
of Lyme disease.

Algorithm performance varied depending on the
inclusion of suspected cases in PPV calculations. The
surveillance definition for a suspected case captures

Table 3. Numbers of reviewed charts and positive predictive values according to case definitions and other factors during January
2015-June 2019 in study of validation of claims-based algorithm for Lyme disease, Massachusetts, USA*

Factors Reviewed charts  Confirmed Probable Suspected Not LD % PPV (95% Cht % PPV (95% Cht
Overall 128 70 15 35 8 93.8 (88.1-97.3) 66.4 (57.5-74.5)
Age group, y

Pediatric, <18 25 (19.5%) 19 3 3 0 100 (86.3-100) 88 (68.8-97.5)

Adults, >18 103 (80.5%) 51 12 32 8 92.2 (85.3-96.6) 61.2 (51.1-70.6)
ICD era§

ICD-9-CM 25 (19.5%) 16 3 4 2 92.0 (74.0-99.0)  76.0 (54.9-90.6)

ICD-10-CM 103 (80.5%) 54 12 31 6 94.2 (87.8-97.8) 64.1 (54.0-73.3)
Healthcare facility type

Primary care 95 (74.2%) 51 14 26 4 95.8 (89.6-98.8) 68.4 (58.1-77.6)

Urgent care 17 (13.3%) 12 1 4 0 100 (80.5-100) 76.5 (50.1-93.2)

Otherq 16 (12.5%) 7 0 5 4 75.0 (47.6-92.7)  31.3 (11.0-58.7)
Laboratory tests# 68 (53.1%) 27 15 21 5 92.7 (83.7-97.6)  61.8 (49.2-73.3)

*Values are no. (%) except as indicated. Lyme disease case definitions are confirmed, probable, suspected, and not Lyme disease. ICD, International
Classification of Diseases; ICD-9, ICD, 9th Revision, Clinical Modification; ICD-10, ICD, 10th Revision, Clinical Modification; LD, Lyme disease; PPV,

positive predictive value.
tConfirmed, probable, or suspected cases.
FConfirmed or probable cases only.

§Case dates were January 2015-September 2015 for ICD-9 and October 2015—-June 2019 for ICD-10.
{lincludes specialist practice (n = 5), emergency department (n = 3), telephone encounter (n = 3), and unknown facility type (n = 5).

#Laboratory testing performed (regardless of result).
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persons treated presumptively and those who do not
have true Lyme disease as well as those who, for ex-
ample, have poor recall of a tick bite (and, therefore,
no known exposure) or whose erythema migrans
resolves before a scheduled medical encounter. Be-
cause all suspected cases were treated, they represent
a burden on the healthcare system.

The PPV also varied according to the ICD coding
era. The ICD-9 era had a higher PPV (76.0% [95% Cl
54.9%-90.6%]) than did the ICD-10 era (64.1% [95% CI
54.0%-73.3%]) when restricted to only confirmed and
probable cases; 16% of charts reviewed from the ICD-
9 era were adjudicated as suspected cases, compared
with 30% from the ICD-10 era. The difference in adju-
dication percentages could be explained by increased
awareness of Lyme disease in recent years leading to
more presumptive treatment and diagnosis. Of note,
most (81%) of the charts reviewed were diagnosed in
the ICD-10 era and yielded a narrower CI.

We showed that a low percentage of Lyme dis-
ease episodes in both the claims data and chart re-
view subset had evidence of disseminated disease
(neurologic, musculoskeletal, and cardiac systems).
Some variation existed according to data source;
musculoskeletal involvement was the most prevalent
(6% of cases) disseminated manifestation identified
in the chart review subset, whereas nervous system
involvement within 1 year was most common (7%
of cases) in the claims-based cohort. Another study
also reported low prevalence of disseminated Lyme
disease in claims data using the same algorithm (19).
Overall, that study found that 6% of Lyme disease
episodes had disseminated disease within 30 days
of diagnosis; arthritis was the most common mani-
festation at 3%, followed by facial palsy at 2%. Those
findings contrast with surveillance reports indicating
27.5% of patients with confirmed Lyme disease had
arthritis, 1.5% had carditis, and 12.5% had a neuro-
logic manifestation (1) and another report indicating
43.9% of cases reported via laboratory-based surveil-
lance had evidence of disseminated Lyme disease
(20). This discrepancy might be because of lack of
capture of those conditions in claims data or a lack
of ascertainment of disseminated disease with this
algorithm, which requires a Lyme disease diagnosis
code. Alternatively, estimates of disseminated mani-
festations in surveillance data might be overestimates
because of reporting bias. Previous claims data-based
studies have found that >50% of Lyme disease pa-
tients did not have a Lyme disease-specific diagnosis
code (9,21). Future studies should aim to elucidate
this discrepancy by validating other case-identifying
algorithms. Another explanation might be that the al-
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gorithm required data on outpatient dispensing of a
7-day antimicrobial drug supply; we did not include
procedure codes for treatment with intravenous an-
timicrobial drugs. Therefore, the algorithm might
have underperformed for identifying nervous system
disease because treatment of those manifestations in-
cludes intravenous antimicrobial drugs.

We validated the claims-based algorithm to sup-
port its use in retrospectively estimating Lyme dis-
ease incidence, but claims data can be used for routine
ongoing surveillance if data lags are anticipated and
understood. The timeliness of settled (closed) claims
data varies according to care settings and specific data
elements. For example, outpatient drug dispensing
data are generally available and complete within sev-
eral weeks of service, whereas hospital-based claims
data can take months to be near-complete.

The first limitation of our study is that we ob-
tained 128 (75%) of 171 charts that were sought for
our analysis. Although the number is slightly high-
er than for other studies that identified charts from
claims data for review (22-24), whether the charts
that were unobtainable were more or less likely to
contain a Lyme disease diagnosis is unknown. Charts
were often unobtainable because the electronic medi-
cal records lacked information on the encounter of in-
terest. Second, we validated the algorithm in a Lyme
disease-endemic state, and the algorithm might not
perform similarly in nonendemic states because of
differences in physician awareness and Lyme disease
testing, treatment, and coding practices. One study
validated a claims-based algorithm for outpatient
Lyme disease in Tennessee, a non-Lyme disease-
endemic state, and reported a PPV of 5%. However,
that study used a different algorithm, which was de-
fined by >3 occurrences of the ICD-9 diagnosis code
for Lyme disease (25). Future studies should consider
validating the algorithm developed by CDC in a non-
Lyme disease-endemic state. Third, we were unable
to assess the sensitivity or specificity of the algorithm
given our study design. Fourth, the chart reviews
were conducted within 1 Massachusetts healthcare
system, albeit a large system with many different
clinical practices and sites. Any claims-based algo-
rithm will perform differently according to testing,
treatment, and coding practices, which might vary by
clinical practice and system. However, the algorithm
we used was not highly specialized, and we hypoth-
esize that its performance would be similar in other
Lyme disease-endemic regions. Finally, diagnosis
codes for symptoms are generally undercaptured
in administrative claims data. Therefore, we might
have underestimated the frequency of acute signs
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and symptoms of a Lyme disease in our claims-based
analysis and, perhaps, the frequency of late manifes-
tations of Lyme disease as well.

In conclusion, we found that a claims-based al-
gorithm defined by documentation of a Lyme disease
diagnosis code and dispensation of an outpatient anti-
microbial drug had a high PPV upon chart validation.
Our analysis bolsters previous claims-based estimates
of Lyme disease, indicating a substantial burden of
medically attended Lyme disease in high-incidence
states. Our findings suggest that claims data can be
used to estimate Lyme disease incidence by state or
nationally. More accurate estimates of Lyme disease
incidence can inform decisions related to prevention,
both clinically and from a policy perspective.
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Validation of Claims-Based Algorithm for
Lyme Disease, Massachusetts, USA

Appendix
Appendix Table. Diagnosis codes for signs, symptoms, and manifestations of Lyme disease*

Code Type Code Description

Signs and symptoms
ICD-9-CM 782.1 Rash and other nonspecific skin eruption
ICD-10-CM R21 Rash and other nonspecific skin eruption
ICD-9-CM 780.60 Fever, unspecified
ICD-10-CM R50.9 Fever, unspecified
ICD-9-CM 780.64 Chills without fever
ICD-10-CM R68.83 Chills without fever
ICD-9-CM 780.79 Other malaise and fatigue
ICD-10-CM G93.3 Post-viral fatigue syndrome
ICD-10-CM R53.1 Weakness
ICD-10-CM R53.81 Other malaise
ICD-10-CM R53.83 Other fatigue
ICD-9-CM 784.0 Headache
ICD-10-CM R51 Headache
ICD-9-CM 719.XX Pain in joint
ICD-10-CM M25.5-M25.5XX Pain in joint
ICD-9-CM 723.1 Cervicalgia
ICD-10-CM M54.2 Cervicalgia
ICD-9-CM 729.1 Myalgia and myositis, unspecified
ICD-10-CM M79.1X Myalgia
ICD-9-CM 782.0 Disturbance of skin sensation
ICD-10-CM R20-R20.X Disturbance of skin sensation
ICD-9-CM 723.4 Radicular syndrome of the upper extremities
ICD-9-CM 724.4 Radicular syndrome of the lower extremities
ICD-10-CM M54.1-M54.1X Radiculopathy

Musculoskeletal manifestations
ICD-10-CM AB9.23 Arthritis from Lyme disease
ICD-9-CM 711.80-711.89 Arthropathy associated with other infections and parasitic diseases

ICD-10-CM M01.X0-M01.X9 Arthropathy associated with other infections and parasitic diseases (arthritis)
Nervous system manifestations

ICD-10-CM A69.21 Meningitis from Lyme disease

ICD-10-CM A69.22 Other neurologic disorders in Lyme disease

ICD-9-CM 320.7 Meningitis

ICD-10-CM GO01 Meningitis

ICD-9-CM 351.0 Bell’s palsy

ICD-10-CM G51.0 Bell’'s palsy

ICD-9-CM 352.6 Multiple cranial nerve palsies

ICD-9-CM 352.9 Unspecified disorder of cranial nerves

ICD-10-CM G52.7 Disorders of multiple cranial nerves

ICD-10-CM G52.8 Disorders of other specified cranial nerves

ICD-10-CM G52.9 Cranial nerve disorder, unspecified

ICD-9-CM 723.4 Radicular syndrome of the upper extremities

ICD-9-CM 724.4 Radicular syndrome of the lower extremities

ICD-10-CM M54.1-M54.1X Radiculopathy

ICD-9-CM 323.9 Unspecified causes of encephalitis, myelitis, and encephalomyelitis

ICD-10-CM G04.90 Encephalitis and encephalomyelitis, unspecified
Cardiovascular manifestations

ICD-9-CM 422.0 Myocarditis

ICD-10-CM 141 Myocarditis

ICD-9-CM 426.0 A-V block, complete
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Code Type Code Description
ICD-9-CM 426.12 A-V block, second degree Mobitz II
ICD-9-CM 426.13 A-V block, second degree, Mobitz | - Wenckebach
ICD-10-CM 144 .2 A-V block, complete
ICD-10-CM 144.1 A-V block, second degree

Ocular manifestations
ICD-9-CM 372.0-372.03 Acute conjunctivitis
ICD-9-CM 372.3, 372.30 Other and unspecified acute conjunctivitis
ICD-10-CM H10.0, H10.02-H10.029 Mucopurulent conjunctivitis
ICD-10-CM H10.01-H10.019 Acute follicular conjunctivitis
ICD-10-CM H10.3-H10.33 Unspecified acute conjunctivitis
ICD-9-CM 370.5, 3705.0, 370.52 Interstitial keratitis
ICD-10-CM H16.3—-H16.329 Interstitial and deep keratitis
ICD-9-CM 360.12 Panuveitis
ICD-10-CM H44.11-H44.119 Panuveitis
ICD-9-CM 377.31 Optic papillitis
ICD-10-CM H46.0-H46.03 Optic papillitis
ICD-9-CM 379.0, 379.09 Scleritis and episcleritis
ICD-10-CM H15.1-H15.109 Episcleritits

*ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, 10th

Revision, Clinical Modification.
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Chart Abstraction Form

Case Identification Number for project:
Date patient met claims-based algorithm definition:
Section 1. Lyme disease components. For all questions in section 1, look for documentation
in the medical record up to one month before and up to one month after the date the
patient met the claims-based algorithm definition of Lyme disease.

1. Does patient have erythema migrans (round or oval single well circumscribed lesion, >5c¢m in
diameter) reported by a health care provider in clinical notes, assessment/plan, and/or
physical exam?

Yes/No Estimated date rash began:
Date of clinical note:

2. Does patient have documentation of a rash (details of rash and size not reported) reported by a
health care provider in clinical notes, assessment/plan, and/or physical exam?

Yes/No Estimated date rash began:

Date of clinical note:

3. Does patient have documentation of a tick bite reported by a health care provider in clinical
notes, assessment/plan, and/or physical exam?
Yes/No Estimated date of tick bite:
State in which tick bite occurred:

4. Does patient have documentation of exposure to a wooded or grassy area reported by a health
care provider in clinical notes, assessment/plan, and/or physical exam?
Yes/No Estimated date of exposure:
State in which exposure occurred:
5. Does patient have clinical diagnosis of Lyme disease in the health care provider’s clinical
notes? This includes erythema migrans, Lyme carditis, Lyme neuroborreliosis, Lyme
meningitis, and Lyme arthritis.
Yes/No Date of earliest diagnosis:
If yes, please indicate which of the following diagnoses were made:

Erythema Yes No
migrans

Lyme carditis Yes No
Lyme Yes No
neuroborreliosis

Lyme Yes No
meningitis

Lyme arthritis Yes No

6. Does the patient have documentation of the following signs and symptoms in health care
provider’s clinical notes (includes the history from patient, assessment/plan, and physical
exam)?

Signs and symptoms Earliest date of onset =~ Symptom present for
more than 4 weeks
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Fever reported or documented
(temperature >100.4°F or 38°C)

Chills

Fatigue

Headache

Stiff neck or neck pain

Arthralgia (joint pain)

Myalgia (muscle soreness or pain)
Swollen lymph nodes

Radiculopathy (“pinched nerve”
resulting in pain, weakness, or
numbness)

Paresthesia (tingling or pricking
sensation on skin)

Problems with cognition or
memory

Disseminated signs

Inflammatory arthritis (swollen joint with synovitis,

typically knee)

Recurrent or brief attacks of swelling in one or more joints

last weeks or months

Lymphocytic meningitis - inflammation of membranes
covering the brain and spinal cord which can result in
headache, neck stiffness, nausea, vomiting, light sensitivity

or fever

Cerebral spinal fluid will show white blood cell count >5
and cell count differential showing a majority of

lymphocytes

Yes/No

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No

Cranial neuritis - particularly seventh nerve (Bell’s) palsy or Yes/No

paralysis of facial muscles. This can result in trouble closing
eyes, uneven smile, or drooling. Any of the 12 cranial nerves
may be involved especially the oculomotor nerves. May be

labeled as a “cranial nerve” palsy or deficit
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Yes/No/Unknown

Yes/No/Unknown
Yes/No/Unknown
Yes/No/Unknown
Yes/No/Unknown
Yes/No/Unknown
Yes/No/Unknown
Yes/No/Unknown
Yes/No/Unknown

Yes/No/Unknown

Yes/No/Unknown

Earliest date of onset




Radiculoneuropathy - inflammation of the roots of the spinal Yes/No
nerve which can result in numbness or tingling and
increased sensitivity to pain in the arms, legs, chest, or face

Encephalomyelitis - inflammation of the brain tissue which ~ Yes/No
may result in sleepiness, abnormal mood swings, confusion,
cognitive changes, personality or behavior changes,

hallucinations, or seizures.

High-grade atrioventricular conduction defects - may be Yes/No
labeled as “complete heart block” or “third degree heart
block” or “high-grade AV block”

Second degree AV block/heart block Yes/No

First degree AV block/heart block Yes/No

7. Location of medical care for first Lyme disease encounter up to one month before or after the
patient meets the claims-based algorithm definition of Lyme disease?
Primary care practice Yes/No
Emergency department Yes/No
Urgent care facility Yes/No
Hospital, outpatient Yes/No
Hospital, inpatient Yes/No
Specialist practice Yes/No
Telephone Yes/No
8. Does the patient have Lyme laboratory results up to one month before or after they met the
claims-based algorithm definition of Lyme disease?
Lyme culture Positive/Negative/Equivocal Order date:

Result date:

Lyme EIA or IFA Positive/Negative/Equivocal Order date:

Result date:
Lyme IgM western blot Positive/Negative/Equivocal Order date:
Result date:
If two of the following three bands are present the IgM Western Blot is positive (—24kDa,
—39kDa, —41kDa)
Lyme IgG western blot Positive/Negative/Equivocal Order date:
Result date:
If five of the following ten bands are present the IgG Western Blot is positive (—18kDa,
—21kDa, —28kDa, —30kDa, —39kDa, —41kDa, —58kDa, —66kDa, —93kDa)
Lyme PCR, blood specimen Positive/Negative/Equivocal Order date:

Result date:
Lyme PCR, synovial fluid Positive/Negative/Equivocal Order date:

Result date:
Lyme PCR, CSF Positive/Negative/Equivocal Order date:

Result date:
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Provide results for all Lyme-related laboratory tests ordered up to one month before and
one month after the date the patient met the claims-based algorithm definition of Lyme
disease, even if the results are not available until more than one month after.
9. Was the patient prescribed antibiotics up to one month before or after the date they met the
claims-based algorithm definition of Lyme disease?
Doxycycline Yes/No
Date of order:
Number of days of treatment:
Reason for antibiotic (from clinical notes):

Amoxicillin Yes/No

Date of order:

Number of days of treatment:

Reason for antibiotic (from clinical notes):
Amoxicillin Clavulanate (Augmentin)
Yes/No

Date of order:

Number of days of treatment:

Reason for antibiotic (from clinical notes):
Cefuroxime axetil Yes/No

Date of order:

Number of days of treatment:

Reason for antibiotic (from clinical notes):
Azithromycin Yes/No

Date of order:

Number of days of treatment:

Reason for antibiotic (from clinical notes):

Ceftriaxone Yes/No
Date of order:
Number of days of treatment:
Reason for antibiotic (from clinical notes):

Tetracycline Yes/No
Date of order:
Number of days of treatment:
Reason for antibiotic (from clinical notes):
Other antibiotic Name of antibiotic:
Date of order:

Number of days of treatment:
Reason for antibiotic (from clinical notes):
Section 2. Persistent Symptoms
1. Does the patient have documentation of the following signs and symptoms in health care

provider’s clinical notes (includes the history from patient, assessment/plan, and physical
exam) between six to twelve months after the date they met the claims-based definition of
Lyme disease ?
Signs and symptoms

Fatigue Yes/No
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Headache Yes/No

Stiff neck or neck pain Yes/No
Arthralgia (joint pain) Yes/No
Myalgia (muscle soreness or pain) Yes/No
Radiculopathy (“pinched nerve” Yes/No
resulting in pain, weakness, or

numbness)

Problems with cognition or memory Yes/No

2. Was the patient prescribed antibiotics (Doxycycline, Amoxicillin, Amoxicillin
Clavulanate, Cefuroxime acetyl, Azithromycin, Ceftriaxone, or Tetracycline) between six
and twelve months after the date they met the claims-based definition of Lyme disease?
Yes/No
Name of antibiotic:
Date of order:

Number of days of treatment:

Reason for antibiotic (from clinical notes):
Section 3. Brief synopsis of case (to be completed by chart reviewer):
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Chart Adjudication Form

Case Identification Number for project:
Section 1. Confirmed Lyme disease
1. Erythema migrans with known exposure in a high incidence state (e.g. Massachusetts)
OR
2. Erythema migrans with known exposure in a low incidence state and laboratory-
confirmed Lyme disease™
OR
3. At least one late manifestation of Lyme disease** and laboratory-confirmed Lyme
disease*
Does the case meet the definition of confirmed Lyme disease? Yes/No/Uncertain
Section 2. Probable Lyme Disease
1. Diagnosis of Lyme disease in clinical notes and laboratory-confirmed Lyme disease*
but no evidence of erythema migrans and no eligible late manifestations of disease
Interpretation: Probable cases include patients who report a tick bite or patients who
report exposure to wooded/grassy areas but no known tick bite, have symptoms
consistent with Lyme disease (fever, chills, headache, stiff neck/neck pain, arthralgia,
myalgia, swollen lymph nodes, radiculopathy, paresthesia, or problems with cognition or
memory), and have laboratory-confirmed Lyme disease. These patients do not have a
rash consistent with erythema migrans and do not have late manifestations of disease.
Does the case meet the probable Lyme disease criteria? Yes/No/Uncertain
Section 3. Suspect Lyme Disease
1. Diagnosis of Lyme disease in clinical notes and antibiotics ordered by health care
provider to treat Lyme disease but no laboratory confirmation, no evidence of
erythema migrans, and no eligible late manifestations of Lyme disease
2. Erythema migrans with no known exposure, no laboratory confirmation, and no
eligible late manifestations of Lyme disease
Interpretation: Suspect cases include patients who report a tick bite (or patients who
report exposure to wooded/grassy areas but no known tick bite) and have symptoms
consistent with Lyme disease (fever, chills, headache, stiff neck/neck pain, arthralgia,
myalgia, swollen lymph nodes, radiculopathy, paresthesia, or problems with cognition or
memory). These patients do not have laboratory-confirmed Lyme disease (either no labs
were performed, or they have negative results). These patients also do not have a rash
consistent with erythema migrans and do not have late manifestations of disease.
Does the case meet the suspect Lyme disease criteria? Yes/No/Uncertain
*Laboratory-confirmed Lyme disease
Positive Lyme cultures, PCR tests, or two-tiered tests indicate laboratory-confirmed
Lyme disease.
Positive two-tiered tests:

1. If the patient experienced signs or symptoms for < 30 days before a positive or
equivocal EIA or IFA, they must have a positive IgG or IgM Western Blot to have a
positive two-tiered test.

2. If the patient has experienced signs or symptoms for > 30 days before a positive or
equivocal EIA or IFA, they must have a positive [gG Western Blot to have a positive

Page 8 of 9



two-tiered test. A positive [gM Western Blot does not confirm Lyme disease in this
scenario.
** Late manifestations of Lyme disease

1. Musculoskeletal involvement is defined as inflammatory arthritis or recurrent and brief
attacks of swelling in one or more joints that lasts for several weeks or months.
Chronic progressive arthritis not preceded by recurrent, brief attacks or chronic
symmetrical polyarthritis does not meet criteria for musculoskeletal involvement.
Likewise, arthralgia, myalgia, or fibromyalgia syndromes alone do not meet criteria
for musculoskeletal involvement.

2. Nervous system involvement is defined as one of the following:

* Lymphocytic meningitis - inflammation of membranes covering the brain and spinal
cord which can result in headache, neck stiffness, nausea, vomiting, light
sensitivity or fever. A lumbar puncture is used to diagnose meningitis. Look for a
laboratory test on cerebral spinal fluid with a white blood cell count >5 and cell
count differential showing a majority of lymphocytes.

* Cranial neuritis - particularly seventh nerve (Bell’s) palsy or paralysis of facial
muscles. This can result in trouble closing eyes, uneven smile, or drooling. Any of
the 12 cranial nerve may be involved especially the oculomotor nerves. May be
labeled as a “cranial nerve” palsy or deficit.

* Radiculoneuropathy - inflammation of the roots of the spinal nerve which can result
in numbness or tingling and increased sensitivity to pain in the arms, legs, chest,
or face. Rarely causes motor weakness.

* Encephalomyelitis - inflammation of the brain tissue which may result in sleepiness,
abnormal mood swings, confusion, cognitive changes, personality or behavior
changes, hallucinations, or seizures. Health care provider must explicitly use the
diagnosis encephalitis or encephalomyelitis and attribute it to Lyme disease.
There should be confirmatory CNS imaging with MRI or other modality.

Headache, fatigue, paresthesia, or mildly stiff neck alone are not criteria for

neurologic involvement.

3. Cardiovascular involvement is defined as acute onset of high-grade atrioventricular
conduction defects that resolve in days to weeks. This may be labeled as “complete
heart block” or “third degree heart block” or “high-grade AV block”. Palpitations,
bradycardia, bundle branch block, or myocarditis alone are not criteria for
cardiovascular involvement.
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